INTRODUCTION
The Commission on Atomic Weights and Isotopic Abundances met under the chairmanship of Prof. L. Schultz from 8-10 August 1999 during the 40 th IUPAC General Assembly in Berlin, Germany. The Commission decided to publish the report "Atomic Weights of the Elements 1999" as presented here. The resulting current Table of Standard Atomic Weights is given in alphabetical order of the principal English names in Table 1 and in order of atomic number in Table 2 . The atomic weights reported in Tables 1 and 2 are for atoms in their electronic and nuclear ground states.
The Commission reviewed the literature over the previous two years since the last report on atomic weights [1] and evaluated the published data on atomic weights and isotopic compositions on an element-by-element basis. The atomic weight, A r (E), of element E can be determined from a knowledge of the isotopic abundances and corresponding atomic masses of the nuclides of that element. Compilations of the abundances of the isotopes were published in 1998 [2] , and the atomic-mass evaluations of 1993 [3] have been used by the Commission. The Commission periodically reviews the history of the atomic weight of each element, emphasizing the relevant published scientific evidence on which decisions have been made [4] .
The Commission wishes to emphasize the need for new precise calibrated isotopic composition measurements in order to improve the accuracy of the atomic weights of a number of elements, which are still not known to a satisfactory level of accuracy. For many elements, the limited accuracy of measurements, however, is overshadowed by terrestrial variability, which is combined in the tabulated uncertainty of the atomic weights.
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For all elements for which a change in the A r (E) value or its uncertainty, U[A r (E)] (in parentheses, following the last significant figure to which it is attributed), is recommended, the Commission by custom makes a statement on the reason for the change and includes a list of past recommended values over a period in excess of the last 100 years, which are taken from Coplen and Peiser, 1998 [5] . Values before the formation of the International Committee on Atomic Weights in 1900 come from F. W. Clarke [6] .
The names and symbols for those elements with atomic numbers 110 to 118 referred to in the following tables are systematic and based on the atomic numbers of the elements recommended for provisional use by the IUPAC Commission on the Nomenclature of Inorganic Chemistry [7] . These systematic names and symbols will be replaced by a permanent name approved by IUPAC, once the priority of discovery is established and the name suggested by the discoverers is examined and reviewed. The name is derived directly from the atomic number of the element using the following numerical roots:
1 un 2 bi 3 tri 4 quad 5 pent 6 hex 7 sept 8 oct 9 enn 0 nil
The roots are put together in the order of the digits that make up the atomic number and terminated by "ium" to spell out the name. The final "n" of "enn" is deleted when it occurs before "nil," and the final "i" of "bi" and of "tri" is deleted when it occurs before "ium."
COMMENTS ON SOME ATOMIC WEIGHTS AND ANNOTATIONS

Nitrogen
The Commission has changed the recommended value for the standard atomic weight of nitrogen to A r (N) = 14.0067(2) based on an evaluation of the variation in isotopic abundance of naturally occurring nitrogen-bearing substances. The Commission decided that the uncertainty of A r (N) should be increased so that the implied range in relation to terrestrial variability is similar to that of other elements with significant natural isotopic variation, such as hydrogen, oxygen, and carbon. However, footnote "g" remains in Tables 1 and 2 to warn users that highly unusual naturally occurring nitrogen-bearing substances can be found with an atomic weight that falls outside the implied range. The previous value, A r (N) = 14.006 74(7), was adopted by the Commission in 1985 [4] and was based on a change in the procedures for reporting uncertainties, taking into account mass spectrometric measurements of nitrogen in air by Junk and Svec in 1958 [8] . Historical values of A r (N) include [5] 
Sulfur
The Commission has changed the recommended value for the standard atomic weight of sulfur to A r (S) = 32.065(5) based on a redetermination of the atomic weight of the Cañon Diablo troilite (CDT) reference material (32.064) and a re-evaluation of the variation in sulfur isotopic abundances of naturally occurring S-bearing substances. The new standard atomic weight and its uncertainty include almost all known values in terrestrial materials; however, footnote "g" remains to alert users to the existence of rare materials with atomic weights outside that range. Sulfur has a bimodal natural atomicweight distribution so that in practice one is more likely to find materials with either lower or higher atomic-weight values than 32.065. New calibrated mass spectrometric measurements of the isotopic composition of the IAEA-S-1 silver sulfide reference material [9, 10] indicate that the atomic weight of CDT is 32.064, which is in agreement with the atomic weight of meteoritic sulfur determined by McNamara and Thode [11] . The previous standard atomic weight value, A r (S) = 32.066(6), was adopted by the Commission in 1983 based on a compilation of isotopic variations of naturally occurring materials. Historical values of A r (S) include [5] : 1882, 32.06; 1896, 32.07; 1903, 32.06; 1909, 32.07; 1916, 32.06; 1925, 32.064; 1931, 32.06; 1947, 32.056; 1961, 32.064(3) ; and 1969, 32.06(1). Table 3 with the appropriate relative atomic mass and half-life. However, three such elements (Th, Pa, and U) do have a characteristic terrestrial isotopic composition, and for these an atomic weight is tabulated. † Commercially available Li materials have atomic weights that range between 6.939 and 6.996; if a more accurate value is required, it must be determined for the specific material. g g eological specimens are known in which the element has an isotopic composition outside the limits for normal material. The difference between the atomic weight of the element in such specimens and that given in the table may exceed the stated uncertainty. m modified isotopic compositions may be found in commercially available material because it has been subjected to an undisclosed or inadvertent isotopic fractionation. Substantial deviations in atomic weight of the element from that given in the table can occur. r r ange in isotopic composition of normal terrestrial material prevents a more precise A r (E) being given; the tabulated A r (E) value should be applicable to any normal material. Table 2 Standard atomic weights 1999.
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[Scaled to A r ( 12 C) = 12, where 12 C is a neutral atom in its nuclear and electronic ground state]
The atomic weights of many elements are not invariant but depend on the origin and treatment of the material. The standard values of A r (E) and the uncertainties (in parentheses, following the last significant figure to which they are attributed) apply to elements of natural terrestrial origin. The footnotes to this table elaborate the types of variation which may occur for individual elements and which may be larger than the listed uncertainties of values of A r (E). Names of elements with atomic number 110 to 118 are provisional.
Order of atomic number Atomic Atomic Number Name Symbol Weight Footnotes Table 3 with the appropriate relative atomic mass and half-life. However, three such elements (Th, Pa, and U) do have a characteristic terrestrial isotopic composition, and for these an atomic weight is tabulated. † Commercially available Li materials have atomic weights that range between 6.939 and 6.996; if a more accurate value is required, it must be determined for the specific material. g g eological specimens are known in which the element has an isotopic composition outside the limits for normal material. The difference between the atomic weight of the element in such specimens and that given in the Table may exceed the stated uncertainty. m modified isotopic compositions may be found in commercially available material because it has been subjected to an undisclosed or inadvertent isotopic fractionation. Substantial deviations in atomic weight of the element from that given in the Table can occur. r r ange in isotopic composition of normal terrestrial material prevents a more precise A r (E) being given; the tabulated A r (E) value should be applicable to any normal material.
Chlorine
The Commission has changed the recommended value for the standard atomic weight of chlorine to A r (Cl) = 35.453(2), based on an evaluation of the variation in isotopic abundances of naturally occurring chlorine-bearing substances. The Commission decided that the uncertainty of A r (Cl) should be increased so that the implied range in relation to terrestrial variability is similar to that of other elements with significant natural isotopic variation, such as hydrogen, oxygen, and carbon. To reflect the fact that the new atomic weight of Cl and its uncertainty were assigned on the basis of known variability, the footnote "r" was added to Tables 1 and 2 . The footnote "g" has been added to Tables 1 and 2 to alert users that highly unusual naturally occurring chlorine-bearing substances can be found with an atomic weight that falls outside the implied range. The previous value, A r (Cl) = 35.4527 (9) , was adopted by the Commission in 1985 [4] and was based on a change in the procedures for reporting uncertainties, taking into account the calibrated mass spectrometric measurements of chlorine by Shields et al. [12] . 
Germanium
The Commission has changed the recommended value for the standard atomic weight of germanium to A r (Ge) = 72.64(1), based on calibrated mass spectrometric measurements by Chang et al. [13] . Measurements were carried out on five germanium samples of high purity (Ge metal and GeO 2 ) from America, Europe, and Asia using positive thermal ionization mass spectrometry. The previous value of A r (Ge) = 72.61(2) was assigned by the Commission in 1985 [4] , which considered the discrepancy between atomic weights determined by mass spectrometry and chemical methods [4, 14] . By recent high quality mass spectrometric measurements, the mass spectrometric data are confirmed. 
Xenon
The Commission has changed the recommended value for the standard atomic weight of xenon to A r (Xe) = 131.293(6), based on a new calibrated mass spectrometric measurement of Valkiers et al. [15] on a tank of purified xenon. The footnote "g" in Tables 1 and 2 arises from the presence of naturally occurring fission products found at fossil reactors at The Gabon, Africa. The previous value, A r (Xe) = 131.29 (2) , was adopted by the Commission in 1985 [4] and was based on a change in the procedures for reporting uncertainties, and it took into account the mass spectrometric measurements of Nier [16] . 
Erbium
The Commission has changed the recommended value for the standard atomic weight of erbium to A r (Er) = 167.259(3), based on calibrated measurements with highly enriched erbium isotopes using positive thermal ionization mass spectrometry and a multi-collector system [17] . The value for the uncertainty takes into account the lack of adequate quantification of collector calibration. Erbium isolated from a kaolinite mineral and from four different commercially available Er-bearing materials did not show any isotope variation. Nevertheless, footnote "g" in Tables 1 and 2 arises from the presence of naturally occurring fission products found at fossil reactors at The Gabon, Africa. The previous value, A r (Er) = 167.26(3), was adopted by the Commission in 1961, based on isotopic abundance measurements of erbium by Hayden et al. [18] and Leland [19] and atomic masses of Bhanot et al. [20] . 
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Uranium
The Commission has changed the recommended value for the standard atomic weight of uranium to A r (U) = 238.02891(3) based on the calibrated mass spectrometric determinations by Richter et al. [21] . These measurements reflect the improved capability of current double focusing mass spectrometers with pulse counting ion-detection systems for determination of low abundance isotopes and updated gas mass spectrometry measurements of the major isotopes. All measurements were based on internal normalization against well characterized isotope standards. A set of six ore samples collected worldwide was utilized for the measurements. That value applies to uranium as found in normal terrestrial sources, except as discovered in one locality in Africa (The Gabon at Oklo), hence the footnote "g" in Tables 1  and 2 . The previous value, A r (U) = 238.0289 (1), was adopted by the Commission in 1979 taking into account the studies on isotopic variation by Cowan and Adler [22] and Smith and Jackson [23] , and mass spectrometric measurements of White et al. [24] and Greene et al. [25] . 
RELATIVE ATOMIC-MASS VALUES AND HALF-LIVES OF SELECTED RADIONUCLIDES
For elements that have no stable or long-lived nuclides, the data on radioactive half-lives and relative atomic-mass values for the nuclides of interest and importance have been evaluated, and the recommended values and uncertainties are listed in Table 3 .
As has been the custom in the past, the Commission publishes a table of relative atomic-mass values and half-lives of selected radionuclides. The Commission has no prime responsibility for the dissemination of such values. There is no general agreement on which of the nuclides of the radioactive elements is, or is likely to be judged, "important". Various criteria such as "longest half-life", "production in quantity", "used commercially", have been applied in the past to the Commission's choice.
The information contained in this table will enable the user to calculate the atomic weight for radioactive materials with a variety of isotopic compositions. Atomic-mass values have been taken from the 1997 Atomic Mass Table [3] . Some of these half-lives have already been documented [26] [27] [28] [29] .
NONTERRESTRIAL DATA
The isotopic abundance of elements in many nonterrestrial samples within the solar system can be measured directly by analysis of meteorites and other interplanetary materials. In recent years, the increasing sophistication of analytical instrumentation and techniques have enabled the isotopic composition of submicron sized components in nonterrestrial samples to be determined. At the same time, there has also been an increase in the use of on-board spacecraft and ground-based astronomical spectrometers to measure isotopic abundances remotely. These advances have substantially increased the number of isotopic composition data for nonterrestrial materials.
The extensive analysis of nonterrestrial materials has continued to show that many elements in nonterrestrial materials have different isotopic compositions from those in terrestrial samples. Although most of the reported differences in the isotopic compositions in nonterrestrial materials are small compared with corresponding differences in normal terrestrial materials, some variations are quite large. For this reason, scientists who deal with the chemical analysis of nonterrestrial samples should exercise caution when the isotopic composition or the atomic weight of nonterrestrial samples is needed. Most isotopic variations observed in nonterrestrial materials are currently explained by the following processes:
(i) Mass fractionation. Mass-dependent isotopic fractionation can also be observed in many terrestrial materials, but the magnitude of mass-dependent isotopic fractionation in nonterrestrial samples is generally larger than that found in terrestrial samples. Mass-dependent isotopic fractionation observed in nonterrestrial samples is mostly due to volatilization or condensation, which most likely occurred at the early stage of the formation of the solar system. Mass-dependent isotopic fractionation may also have occurred at later stages in the evolution of the solar system by chemical processes such as the formation of organic compounds. (ii) Nuclear reaction. Nuclear reactions triggered by cosmic rays can alter the isotopic composition of not only nonterrestrial but also terrestrial materials. This effect in terrestrial samples is normally negligible, mainly because of effective shielding against cosmic rays by the Earth's magnetosphere and atmosphere. In contrast, nonterrestrial materials are often exposed to sufficient solar and galactic cosmic ray fluxes to cause significant nuclear spallation reactions, which in turn trigger secondary low-energy neutron capture reactions at specific depths from the surface or near the surface of samples. (iii) Radioactive decay. Isotopic anomalies due to radioactive decay are not limited to nonterrestrial samples. Nevertheless, their effect can be clearly observed in nonterrestrial samples both in the degree of the alteration of isotopic abundances and in the variety of radioactive nuclides. Enrichment in decay products is the most common effect confirmed in the nonterrestrial samples. The effect is caused by long-lived nuclides (primary radioactive nuclides), whose half-lives are comparable to the age of our solar system (4.56 × 10 9 a). These nuclides are commonly used in geochronology and cosmochronology.
The next observed effect caused by radioactive decay is due to parent nuclides that have decayed. While such nuclides are no longer present in the solar system, their former presence in nonterrestrial materials can be demonstrated by excesses in decay products, which together with their parent(s) have been part of a closed isotopic system. Their measurement provides valuable information related to the time from their final nucleosynthetic contribution to the solar system to their incorporation to solar system materials (also known as the solar system formation interval). In addition to these two major effects, some minor effects can be observed in nonterrestrial samples such as those caused by double ß-decay of long-lived radionuclides and nuclear fission (spontaneous and neutron-induced). (iv) Nucleosynthesis. The most significant isotopic alteration effect observed in nonterrestrial materials (mainly meteorites) is due to nucleosynthesis. Prior to the availability of secondary ion mass spectrometry (SIMS), the majority of isotopic effects due to nucleosynthesis were known to be present in only a few component samples present in a limited number of rare meteorites. The majority of these isotopic abundance variations were best ascribed to explosive nucleosynthesis effects. Some light elements, such as oxygen and noble gas elements, showed ubiquitous isotopic anomalies (which were also considered to be related to nucleosynthetic effects) in virtually all kinds of meteoritic materials. The extensive application of the SIMS technique now shows that a large number of extra-solar materials appear to contain significant isotope anomalies. This indicates that several extra-solar materials appear to have survived the formation of the solar system either within meteorites or their components. Some of these components demonstrate huge isotopic variations, which are believed to be due to a wide range of nucleosynthetic effects occurring at various stages of stellar evolution. A number of examples have been listed in the previous Pure and Applied Chemistry (PAC) publications [30] . Figure 1 shows an example of how the radioactive decay of a parent nuclide, 129 I in this case, alters the isotopic composition of nonterrestrial materials. 129 I is a typical parent nuclide and decays to 129 Xe with a half-life of 1.6 × 10 7 a. The presence of 129 I at the early solar system was first confirmed in 1960 by Reynolds, who observed an excess of 129 Xe in noble gas extracted from the Richardton meteorite [31] . Since then, more than ten long-living radionuclides with half-lives less than the age of Earth have been proposed to alter the isotopic abundance of their daughter nuclide after their decay ( Table 4 ). The isotopic composition of Xe tends to suffer other alteration processes, such as nuclear reactions (cosmic-ray-produced spallation reaction and nuclear fission reaction) and mass-dependent isotopic fractionation. Meteoritic Xe thus occasionally shows a highly complex isotopic composition. The Commission does not attempt to systematically review the literature on the isotopic compositions of nonterrestrial materials in this report. Those who are interested in more comprehensive reviews, including specific data and additional references, should refer to Shima [43] and Shima and Ebihara [44] . A more detailed report of isotopic measurement published in this field during the last decade is in preparation.
OTHER PROJECTS OF THE COMMISSION
At intervals of about six to eight years, the Commission's Subcommittee for Isotopic Abundance Measurements publishes a summary of its biennial review of isotopic compositions of the elements as determined by mass spectrometry and other relevant methods. The subcommittee distributed their summary report at Berlin, titled "Isotopic compositions of the elements 1997" [2] . The very few and minor 1999 changes of the evaluated best values for some isotopic abundances do not justify the publication of an updated table, which, however, is always currently maintained by and available on request from the Commission.
The rules that the Commission employs in assigning atomic-weight values are found in the Commission's Technical Booklet. J. de Laeter incorporated decisions made at the previous General Assembly at Geneva to produce the 5 th edition of the Commission's Technical Booklet, which he distributed. A new addition to this booklet is a paper on the reliability of the Avogadro constant, the factor that relates measurements expressed in two SI base units (mass and amount of substance) by De Bièvre and Peiser [45] .
The Subcommittee for Natural Isotopic Fractionation presented a report that was discussed and modified during the Subcommittee's meeting in Berlin, Germany, prior to the IUPAC General Assembly in Berlin. The Subcommittee will submit a report to PAC, consisting primarily of plots (where possible) that show the variation in natural isotopic abundance and atomic weight for the elements H, Li, B, C, N, O, Si, S, Cl, Fe, Cu, Se, Pd, and Te. A companion report that is expected to be longer will include numerous references and will be published as a U.S. Geological Survey Open-File Report.
J. de Laeter reported on plans and progress of the Commission-approved update to the 1984 Element By Element Review [4] . Publication of this important document is planned before the next IUPAC General Assembly in 2001 in Brisbane.
Recognizing that many of the terms the Commission uses are missing from the second edition of IUPAC's book on nomenclature (the "Gold Book" [46] ), the Commission asked G. Ramendik to prepare a list of such terms and obtain review for submission to IUPAC nomenclature commissions and inclusion in the 3 rd edition of the Gold Book.
